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ABSTRACT 



An electronic control arrangement for controlling the 
power applied to an electrical load, in which the elec- 
tronic control includes in its memory a predetermined 
power control parameter look-up table associated with 
each of a plurality of potentially applicable voltage 
ranges. Each table contains the appropriate control 
parameters for controlling the load when the associated 
one of the input voltage ranges is applied to the load. 
The control, in response to an input signal identifying 
the voltage to be applied, selects the control parameters 
from the look-up table associated with the identified 
voltage. This signal may be generated by voltage sens- 
ing circuitry which monitors the supply voltage, or by 
a manually adjustable circuit which enables presetting 
for a particular supply voltage. 

13 Claims, 12 Drawing Sheets 
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FIG. 3 
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1 2 

providing a signal to the control means identifying the 

POWER CONTROL SYSTEM ADAPTABLE TO A voltage to be applied. The control means is operative in 

PLURALTFY OF SUPPLY VOLTAGES response to this input from the voltage identifying 

means, to select the control parameters from the look- 

BACKGROUND OF THE INVENTION . 5 up table associated with the identified voltage. In a 

This invention relates generally to electronic power preferred form of the invention, the control parameters 

control systems for electrical loads which may be sub- include control words» the bit pattern of which establish 

ject to a plurality of different supply voltages or to the power repetition rate or power switching rate for 

substantia] swings relative to a nominal supply voltage. the load. 

In different geographic areas within the U.S. as well In accordance with one aspect of the invention the 

as among various countries throughout the worid, the means for identifying the supply voltage comprises an 

nominal supply voltages can differ significantly. Typi- input voltage sensing circuit which identifies that one of 

cal nominal RMS supply voltages are 208, 220, 240 a plurality of discrete voltage ranges which contains the 

volts. In addition, voltages can vary from the nominal sensed voltage. 

supply value. In resistive heating elements such as may In accordance with another aspect of the invention 

be employed in cooking appliances, relatively large the voltage identifying means comprises a manually or 

output power changes can occur with relatively small mechanically adjustable circuit which can be selec- 

changcs in input voltages since output power varies tively preset to generate a signal representing a selected 

with the square of the voltage. Similar changes can one of a plurality of voltage ranges which contains the 

occur with non-resistive loads such as electric motors 20 anticipated supply voltage. In a preferred form of this 

for washing machines, or inverter circuits for induction aspect of the invention, simple jumper connectors are 

cooktops. employed to provide a binary input signal. 

Rather than design a different control system for each accordance with another aspect of the invention, 

different nominal supply voltage it would be desirable ^he voltage identifying means is employed to detect 

to provide a single cost effective control system for an 25 o^^^.^oit^ge conditions and the control means includes 

appliance, for example, which would allow the apph- ^ ^ ^ ^^.^i p^ameter look-up table 

ance to be used with any of the various power supphes. j.^, operatmg conditions and another table for 

To be atti^ctive for such applications the control sys- ^ over-voltage conditions arc detected, 

tern should either automatically adapt to the applied ^^^^ ^ ^.^^ ^ appliance of the type 

voltage, or a least be readily and simply pr^^^^^^^^ 30 ^^PP^^^ ^^^^^^ 

vanoussupply voltagesm thefactoryordunngmstalla- ^^^^^^^ arrangement in accordance tith the inv^tion 

' In addition, it would be desirable to provide a control ^^!"^" "^^^ ""^/"^^ ^^^^^^^^ ^"f^ ? '""r^^ 

system for an appliance which automatically compen. Pf ^"^^^^ ^^^^ !° °f ^ P^^^^'^^ 

sates for temporary over-voltage conditions without 35 of power scttmgs for the heating umt and control means 

any apparent difference in performance thereby pre- ^ ^ microprocessor havmg stored m its memory a 

venting damage to the appliance, avoiding a potential P^^^^^^V ^ 'o°*^-"P ^"es. one for each anticipated 

safety hazard, all without interrupting use and enjoy- ^^PP^V ^^^^ag^ range Each look-up table contains a 

ment of the appliance. P<^w«r control word for each power settmg. The bit 

It is therefore an object of the present invention to 40 pattern ofeach word establishes the power pulse repeti- 

provide a control system for an electrical load such as in tion rate or switchmg rate appropriate to operate the 

an appliance which automatically adapts to a variety of Seating unit at the power level associated with the se- 

supply voltages and compensates for significant swings Reeled settmg when subjected to the correspondmg 

in a given nominal voltage supply. ^^PP^V voltage. A volUge sensing circuit monitors the 

It is another object of the present invention to pro- 45 line voltage and provides a signal to the microprocessor 
vide a control system for an electrical load such as in an identifying the range containing the sensed voltage. The 
appliance which can be simply preset to a variety of microprocessor controller then selects the power con- 
different supply voltages either in the factory or in the trol word for the user selected power setting from the 
home during installation. appropriate control word toble and controls cnergiza- 

It is yet another object of the present invention to 50 tion of the heating unit according to the bit pattern of 
provide a control system for an electrical load such as the selected word. By this arrangement, the control 
an appliance which automatically compensates for system automatically adapts to the applied supply volt- 
over-voltage condition without interrupting or other- age. 

wise adversely affecting operation of the load. In a variation of the invention as applied to such a 

55 cooking appliance, the voltage sensing circuit is re- 

SUMMAR Y OF THE INVENTION pieced by a manuaUy or mechanically adjustable circuit 

These and other objects are accomplished in accor- which is selectively presettable to one of a plurality of 

dance with the present invention by providing an elec- anticipated supply voltage such as, for example 208, 

tronic control arrangement for controlling the power 220, 240 or 260 volts. 

applied to an electrical load, in which the control 60 DESCRIPTION OF THE DRAWINGS 

means, preferably in the form of a microprocessor, m- ** ^' 

eludes in its memory a predetermined power control FIG 1 is a perspective view of a portion of a cooktop 

parameter look-up table associated with each of a plu- illustratively embodying the power control system of 

rality of potentially applicable voltage ranges. Each the present invention; 

table contains the appropriate control parameters for 65 FIG. 2 is a functional block diagram of the power 

controlling power applied to the load when the associ- control circuitry for the cooktop of FIG. 1; 

ated one of the input voltage ranges is applied to the FIG. 3 illustrates power signals corresponding to 

load. The control arrangement also includes means for various operator selectable power settings and a timing 
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signal for synchronizing control system operation with 
the power signal; 

FIG. 4 is a simplified schematic diagram of a control 
circuit illustratively embodying the power control sys- 
tem of the present invention as embodied in the cooktop 
of FIG. 1; 

FIG. 5 is a simplified schematic of an embodiment of 
the voltage detection circuit rq>resented as a block in 
the circuit of FIG. 4; 

FIG. 6 is a flow diagram of the Scan routine incorpo- 
rated in the control program for the microprocessor in 
the circuit of FIG. 4; 

FIGS. 7A and 7B are flow diagrams of the Keyboard 
Decode routine incorporated in the control program for 
the microprocessor in the circuit of FIG. 4; 

FIGS. 8A and SB are flow diagrams of the PSET 
routine incorporated in the control program of the mi- 
croprocessor in the circuit of FIG. 4; 

FIG. 9 is a flow diagram of the Power Out routine 



units IMfiy^Aid) are designed to operate at 100% of 
rated power when energized by an input voltage of 180 
volts RMS. 

FIG. 2 illustrates in simplified schematic form, an 
5 embodiment of a control arrangement in accordance 
with the present invention for cooktop 10. Each of four 
heating units 14(a)-14(</) is coupled to a standard 60 Hz 
AC power source, which could be 208. 220, 240 or 260 
volts, via power lines LI and L2 through one of four 
10 triacs 24{a}-24{d) respectively, the heating circuits 
being connected in parallel arrangement with each 
other. Triacs 2^a)-2^d) are conventional thyristors 
capable of conducting current in either direction irre- 
spective of the voltage polarity across their main termi- 
15 nals when triggered by either a positive or negative 
voltage applied to the gate terminals. 

The power control system 26 controls the power 
applied to the heating units by controlling the rate at 

— o which gate pulses are applied to the triac gate terminals 

mcorporatcd m the control program of the micro- 20 in accordance with power setting selections for each 
'^''S^n"^ ^^^^^ heating unit entered by user actuation of tactile touch 

FIG. 10 is a sunplified schematic of an embodiment of membrane switch keyboard 28 comprising touch keys 
a manually adjustable circuit as an alternative to the 17 (FIG. 1). The columns of keys designated SUO 
''^iJ?^'' ^^'^l'*" '"''■'''"^ through SU3 (FIG. 2) provide the control inputs for 

FIG. 11 IS a flow diagram of an alternate embodiment 25 heating units 14(fl>-14(rf) respectively, 
of a portion of the PSET routine incorporated in the In the illustrative embodiment gate signals are ap- 
control program of the microprocessor in the circuit of plied to triacs 24(a)-34(d) to couple power pulses to the 
cir?' f?^ . heating units. Each pulse is a full cycle of the 60 Hz AC 

FIG, 12 is a simphfied schematic diagram of an alter- power signal; however, power signals of different fre- 
native embodiment of the voltage detection circuit of 30 quencies, such as 50 Hz. could be similarly used. 

^' Power control system 26 is arranged to operate each 

DETAILED DESCRIPTION OF THE heating unit at one of a plurahty of discrete power lev- 

ILLUSTRATIVE EMBODIMENT ^° illustrative embodiment fifteen non-Off 

power levels are implementable by the control system. 
In the description to follow, the control arrangement 35 Nine power settings corresponding to power levels 1-9, 
of the present invention is applied in a power control plus Off and On are selectable for each heating unit by 
system for an electric cooktop appliance. The invention user actuation of the keys in keyboard 28. The six high- 
may, however, be employed to control a variety of est power levels designated A-F are not user selectable, 
other types of electrical loads as well and its description These levels are available to adjust the power applied to 
herein in conjunction with the cooking appliance is not 40 the heating unit such as, for example, to overdrive the 
to be mterpreted as limiting the invention to such appli- heating units when operating in a transient heat up 
ances. FIG. 1 illustrates a glass-ceramic cooktop appli- mode to r^idly heat the units to radiant temperature as 
ance designated generally 10. Cooktop appliance 10 has described in commonly assigned co-pending U.S. patent 
a generally planar glass-ceramic cooking surface 12. application Ser. No. 000.426, filed Jan. 5, 1987, the dis- 
Circular patterns 13(fl)-13(rf) identify the relative lateral 45 closure of which is hereby incorporated by reference. 



positions of each of four heating units (not shown) lo 
cated directly underneath surface IZ A control and 
display panel generally designated 15 includes a com- 
plete set of touch control keys 17 and a seven-segment 
digital LED display element 19 for each heating unit. 

In the description to follow, the designators 14(0- 
)-14(fif) shall be understood to refer to the heating units 
disposed under patterns 13{fl)-13(<0 respectively. Each 
of heating units 14(a)-14(d) comprises an open coil 
electrical resistance dement designed when energized 55 
at its rated power to radiate primarily in the infrared 
(1-3 micron) region of the electromagnetic spectrum. 
Such heating units are described in greater detail in the 
commonly assigned U.S. Pat. No. 4,786,799. Each of 



Power pulse repetition rate control is a power control 
technique disclosed in commonly assigned U.S. Pat. 
No. 4,256,951. Each power level has associated with it 
a power pulse repetition rate expressed as the ratio of 
50 ON power pulses or cycles to OFF cycles, and a power 
pulse code referred to hereinafter as a power control 
word. The bit pattern of the power control word estab- 
lishes the sequence of ON cycles and OFF cycles for 
that repetition rate. 

Tables I-IV provide examples of such repetition rates 
and codes for each of the fifteen power levels when 
operating with a supply voltage of 208, 220, 240 and 260 
volts RMS respectively. 



TABLE I 



Power 
Settings 



Power 
Level 



WftttS 



RMS 
Volts 



208 Voh Supply 
Power Pulse 
Reptition 
Rate 



Power Puke Code 



Address 



OFF/ON 0 

1 1 

2 2 

3 3 



0 
44 
131 
219 



0 
26 
45 
58 



— 0000 

1/64 6000 

3/64 SOOO 

5/64 S008 



0000 
0000 
0800 
0080 



0000 
0000 
0080 
0080 



0000 
0000 
0000 
0800 



TABLEA 
TABLEA +8 
TABLEA S-IO 
TABLEA +18 
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TABLE I-coDtinued 











208 Volt Supply 


















Power Pulse 












Power 


Power 




RMS 


Reptition 












Settings 


Level 


Watts 


Volu 


Rate 




Power Pulse Code 


Address 


4 


4 


394 


78 


9/64 


8088 


8080 


8080 


8080 


TABLEA +20 


5 


5 


570 


94 


13/64 


8888 


8088 


8088 


8088 


TAsi^tA -f Zo 


6 




876 


116 


20/64 


A888 


A888 


A888 


A888 


TABLEA +30 


7 


7 


)1R3 


135 


27/64 


.AAA8 


AAA8 


AAA8 


A8A8 


TABLEA +38 


8 


8 


1577 


156 


36/64 


EAAA 


EAAA 


EAAA 


EAAA 


TABLEA +40 


9 


9 


2103 


180 


48/64 


EEEE 


EEEE 


EEEE 


EEEE 


TABLEA +48 




A 


2234 


186 


51/64 


FEEE 


FEEE 


FEEE 


EEEE 


TABLEA +50 




6 


2322 


189 


53/64 


FEFE 


FEEE 


FEEE 


FEEE 


TABLEA +58 




C 


2454 


195 • 


56/64 


FEFE 


FEFE 


FEFE 


FEFE 


TABLEA +60 




D 


2585 


200 


59/64 


FFFE 


FFFE 


FFFE 


FEFE 


TABLEA +68 




E 


2673 


203 


61/64 


FFFF 


FFFE 


FFFE 


FFFE 


TABLEA +70 




F 


2804 


208 


64/64 


FFFF 


FFFF 


FFFF 


FFFF 


TABLEA +78 


^ TABLE II 










220 Volt Snpply 


















Power Pulse 












Power 


Power 




RMS 


Reptition 












Settings 


Level 


Watts 


Volts 


Rate 




Power Pulse Code 


Address 


OFF/ON 


0 


0 


0 




0000 


0000 


0000 


0000 


TABLES 






49 


28 


1/64 


8000 


0000 


0000 


0000 


TABLEB +8 






147 


48 


3/64 


8000 


0800 


0080 


0000 


TABLEB +10 






245 


61 


5/64 


8008 


0080 


0080 


0800 


TABLEB +18 






392 


78 


8/64 


8080 


8080 


8080 


8080 


TABLEB +20 






588 


95 


12/64 


8088 


8088 


8088 


8088 


TABLEB +28 






882 


117 


18/64 


A888 


8888 


A888 


8888 


TABLEB +30 






1176 


135 


24/64 


A8A8 


A8A8 


A8A8 


A8A8 


TABLEB +38 


8 


8 


1618 


158 


33/64 


EAAA 


AAAA 


AAAA 


AAAA 


TABLEB +40 


9 


9 


2108 


180 


4V64 


EEEA 


EEEA 


EEEA 


EAEA 


TABLEB +48 




A 


2255 


187 


46/64 


EEEE 


EEEA 


EEEE 


EEEA 


TABLEB +50 




B 


2431 


194 


50/64 


FEEE 


EEEE 


FEEE 


EEEE 


TABLEB +58 




C 


2598 


200 


53/64 


FEFE 


FEEE 


FEEE 


FEEE 


TABLEB +60 




D 


2794 


208 


57/64 


FFFE 


FEFE 


FEFE 


FEFE 


TABLEB +68 




E 


2941 


213 


60/64 


FFFE 


FFFE 


FFFE 


FFFE 


TABLEB +70 




F 


3137 


220 


64/64 


FFFF 


FFFF 


FFFF 


FFFF 


TABLEB +78 


TABLE III 










240 Voh Supply 


















Power Pulse 












Power 


Power 




RMS 


Reptition 












Settings 


Uvel 


Watts 


Volts 


Rate 




Power Pulse Code 


Address 


OFF/ON 


0 


0 


0 




0000 


0000 


0000 


oooo 


TABLEC 






38 


30 


1/64 


8000 


0000 


0000 


0000 


TABLEC +8 






117 


42 


2/64 


8000 


0000 


8000 


0000 


TABLEC +10 






233 


60 


4/64 


8000 


8000 


8000 


8000 


TABLEC +18 






350 


73 


6/64 


8080 


0080 


8080 


0080 


TABLEC +20 






384 


95 


10/64 


8088 


8060 


8088 


8080 


TABLEC +28 






875 


116 


15/64 


8888 


8888 


8888 


8088 


TABLEC +30 






1226 


137 


21/64 


A8A8 


A888 


A888 


A888 


TABLEC +38 






1576 


156 


27/64 


AAA8 


AAA8 


AAA8 


ABA8 


TABLEC +40 






2101 


180 


36/64 


EAAA 


EAAA 


EAAA 


EAAA 


TABLEC +48 




A 


2392 


192 


41/64 


EEEA 


EAEA 


EAEA 


EAEA 


TABLEC +50 




B 


2626 


201 


43/64 


EEEE 


EEEA 


EEEA 


EEEA 


TABLEC +38 




C 


2918 


212 


50/64 


FEEE 


EEEE 


FEEE 


EEEE 


TABLEC +60 




D 


3210 


222 


55/64 


FEFE 


FEFE 


FEFE 


FEEE 


TABLEC +68 




£ 


3443 


230 


59/64 


FFFE 


FFFE 


FFFE 


FEFE 


TABLEC +70 




F 


3735 


240 


64/64 


FFFF 


FFFF 


FFFF 


FFFF 


TABLEC +78 


TABLE IV 










260 Volt Supply 


















Power Pulse 












Power 


Power 




RMS 


Reptition 












Settings 


Level 


Watis 


Volts 


Rate 




Power Pulse Code 


Address 


OFF/ON 


0 


0 


0 




0000 


0000 


0000 


0000 


TABLED 






68 


33 


1/64 


8000 


0000 


0000 


0000 


TABLED +8 






137 


46 


2/64 


8000 


0000 


8000 


0000 


TABLED + 10 






205 


56 


3/64 


8000 


0800 


0080 


0000 


TABLED +18 






411 


80 


6/64 


8060 


0080 


8080 


0080 


TABLED +20 






616 


98 


9/64 


8088 


80S0 


8080 


8080 


TABLED +28 






890 


117 


13/64 


8888 


8088 


8088 


8088 


TABLED +30 
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TABLE IV-continued 



260 Volt SuDolv 

Address 



Power 
Settings 


Power 
Uvel 


Watts 


RMS 
Volts 


Power Pulse 
Reptition 
Rate 




Power Pulse Code 


7 


7 


1164 


134 


17/64 


A888 


8888 


8888 


8B88 


8 


8 


1575 


156 


23/64 


A8A8 


A8A8 


A8A8 


A888 


9 


9 


2123 


ISl 


31/64 


AAAA 


AAAA 


AAAA 


AAA8 




A 


2397 


192 


35/64 


EAAA 


EAAA 


EAAA 


AAAA 




B 


2671 


203 


39/64 


EAEA 


EAEA 


EAEA 


EAAA 




C 


2945 


213 


43/64 


EEEA 


EEEA 


EEEA 


EAEA 




D 


3219 


223 


47/64 


££EE 


EEEE 


EEEE 


EEEA 




£ 


3493 


232 


51/64 


FEEE 


FEEE 


FEEE 


EEEE 




F 


3767 


241 


55/64 


FEFE 


FEFE 


FEFE 


FEEE 



TABLED +3S 
TABLED +40 



The power pulse codes in these tables represent 64-bit is 
control words in hexadecimal format. A control word is 
provided in each Table for each of the fifteen available 

power levels. These control words are used to imple- for the heating unit of the Ulustrative embodiment, 
men the pulse repetrtwn tat^ for the selected power Using the foregoing equation, a ratio of 36 On cycles to 
7t ^ <=°«™^Pe™d comprises 64 full cyda m 64 total cycles provides an effective RMS voltage of 
of the 60 Hz power signal. The distnbution of ON 180 volts for the standard 240 volt RMS 60 Hz domestic 
power pulses over this 64 cycle control period for each supply 

^^onlftro! ''n^f °f^''^*' " °' '"'*^!; ^ » Table ni the maximum user selectable 

h Tw.- ^ °\ ''^K ^. 'V^'^^ in the illustrative embodiment is power 

by log cal onebits and Off cycles by logical zero bits 25 setting 9. The corresponding power level is defined by 
respectively. The repetition rates for the user selectable « repetition rate of 36 On lydes per 64 total control 
power settmgs have been empirically established to period cycles 

provide a range of power settings for good cooking Repetition rate control can similarly be employed to 
pofoimance m Ae appliance of the Ulustrative embodi- obtain the same RMS voltage from different jieak input 

f 30 voltages. This application of repetition rate^trol is 

sekcted to minmiize the number of successive idle or advantageously employed in accordance with the pres- 
cyc es. gjjj invention to provide a power control system which 

As shown in Jabk in. which contams the control readily adaptable to a fjuraUty of different supply 
words to be used with a nominal 240 volt supply, the voltages k y " »uppiy 

pulse repetition rate for the first four power settings 35 By way of illustration, referring to Tables I-IV. it can 

^iF^'^r'n^ ^"^^ "^'i^ ^"^iV-, be seen that the 1 80 volts for power setting 9 is achieved 
Kttmg 1. the lowest non-Off power settmg, to 6 ON by repetition rates of 48, 43, 36 and 31 ON cycles to 64 
power pulse for every 64 cycles for power level 4. In total cycles for 208. 220. 240 and 260 volt supplies re- 
r A u ~^ "^present the voltage signal spectively. The repetition rates for the other user select- 
an)hed to the heatog unit for each of power settmgs 1 40 able power settings are similarly selected to provide 
through 4 respectively. Wave form E r^resents the approximately the same equivalent or effective RMS 
power signd appearing across lm« LI and L2. Power voltage for each of the usef selectable settings for each 
pulses or ON cycles are represented by full hues. Those of the four nominal input voltages, 
cycles of the power signal during which the triac is Having provided a look-up table for each of these 
^?SLri"''?T "VP^'"»°'? l"»f„ „ « nominal supply voltages, it remains to provide means 

U.S. patent for identifying the p'Lrtioular one of Uiese voltages 
apphcation Ser. No. 000,426, power pulse repetition which is being or wUl be applied in a given situatiOT. 

^ll-T Tt^."^'' ° '^^'^''t ^ Referring agaii to FIG. 2. N^tage identification me^s 

voltage applied to the heaung umt. provided the time 30 is operative to generate a signS representing that one 
base IS properly selected, because when power switch- jo of a plurality of piedetermin^ input voltafe ranges 
mg « conducted a^ a switchmg rate which provides On contidning the «i«naUy supplied input vlltage. to 
and Off umes which do .lot exceed the same order of accordant with the p^f invention. the vlltage 
magnitude as the thennal time constant of the w« identification means 30 can be provided in the form If 
heatmg matcnal, the voltage m terms of heatmg effect jne^ sensing the actual applied voltage or in the 
or output power is approxnnately equal to the RMS 55 form of a manually adjustable means such as could be 
value of the supply volttge reduced by a factor equal to employed to pres^ the system in the factory. In either 
tiie square root of the ratio of the number of On cycles cas^, the identifying m^ provides an toput to tte 
to the toul number of cycles m the contro period This control system siSfying whidi of the voltiiies is to b^ 
relationship b expressed m the equation hsted below. .ppMed. He coSttol ^tem then selects Ae power 

60 control word for the selected power setting from the 
. I look-up table associated with the voltage identified by 

y£FFRMS = y^ippiy X [ . Number of On CycIci ] the identifying means. 

I Total Cycles m Control Period J i_ .t.= «_.u_j _ . — j j , . . .- 

^ / In the embodiments next described, voltage identiil- 

cation means 30 provides a signal representing one of 
The thermal time constant of heating element wire is 65 four voltage ranges, namely less than 210 volts, 210-22S 
on the order of 800 milliseconds, varying slightiy with volts, 225-245 volts and greater than 245 volts, contain- 
wire radius. Thus, a control period of 64 cycles is of the ing the four nominal voltages 208, 220, 240 and 260 
same order of magnitude as the thermal time constant respectively. 
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Line Voluge v 


A 


B 


c 


Vi 


V2 


V < 210 


0 


0 


0 


0 


0 


210 5 V < 225 


1 


0 


0 


1 


0 


225 S V < 245 


1 


I 


0 


0 


1 


245 s V 


1 


1 


1 


1 


1 
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. . .... ,. , , ^. „ . J. 57, 55 and 58, and 56 and 59 are connected to the non- 
Automatic Voltage Identification Embodiment i„p„g „f comparators 63. 64 and 65 respec- 

FIG. 4 schematically illustrates an embodiment of a tively representing the sensed line voltage, 

power control circuit for the cooktop of FIG. 1 which Logic circuitry, designated generally 66 comprising 

performs power control functions in accordance with 5 NAND gates 66(a) and pull-up resistors 66(b), links the 

the present invention. In this control system power outputs of comparators 63, 64 and 65 to the gate inputs 

control is provided electronically by microprocessor of opto-isolater devices 67 and 68. A 5 volt dc voltage 

40. Microprocessor 40 is a M68CX)0 series microproces- is applied to resistors 66(b) in conventional fashion. The 

sor of the type commercially available from Motorola. 5 volt dc voltage is similarly applied to pull up resistors 
Microprocessor 40 has been customized by perma- 10 70. Outputs Viand V2 representing that one of the four 

nently configuring its read only memory to implement detectable input voltage ranges which contains the volt- 

the control scheme of the present invention. age applied across LI and L2 are applied to input ports 

As previously described with reference to FIG. 2, pgii and P8I2of microprocessor 40 (FIG. 4). The truth 

keyboard 28 is a conventional tactile touch type entry table relating the binary signal comprising bits Vi and 

system. The keyboard array comprises four colunms of 15 V2 to the input voltage is given in Table V. 
11 keys each. Columns for controlling heating elements 
are designated SUO through SU3 respectively. The keys 
enable a user to select power levels 1 through 9 in addi- 
tion to On and Off for each of the four heating units. 
Keyboard 28 has one input line for each column com- 20 
monly shared by all keys in that column and 11 output 
lines, one for each row of keys. Each particular column 
of keyboard 28 is scanned by periodically generating 
scan pulses sequentially at outputs P400 through P403 

of microprocessor 40. These pulses are transmitted as 25 Referring again to FIG. 4, microprocessor 40 trans- 

they appear to the corresponding column input lines of n"ts triac trigger signals from I/O ports P500 through 

keyboard 28. This voltage is transmitted essentially P503 to the gate terminals of triacs 24{fl)-24(^/) respec- 

unchanged to the output lines ofall the untouched keys. tively via a conventional 615 triac driver circuit 70. 

The output of an actuated key will differ, signifying Triac driver circuit 70 amplifies the outputs from ports 
actuation of the key in that row and column. 30 P500-P503 of microprocessor 40 and isolates the chip 

In this manner each column of keyboard 28 is scanned from the power line. Display data is transmitted from 

for a new input periodically at a rate determined by the I/O ports P200-P20F. Display 72 is a conventional four 

control program stored in the ROM of microprocessor digit display, each digit comprising a 7-scgmcnt LED 

40. As will become apparent from the description of the display. Display information is coupled from I/O ports 

control routines which follow, each column is scanned 35 P200-P20F to the display segments via a conventional 

once every four complete power cycles of the power 410 parallel port interface circuit 74 and a conventional 

signal appearing on lines LI and N. The output from segment display decoder driver circuit 76 in a manner 

keyboard 28 is coupled to input ports PIIO-PIIA of well known in the art. 

microprocessor 40 via a 410 parallel port interface cir- _ . _ 

cuit 45. 40 Control Program 

A zero crosang signal marking zero crossings of the It will be recalled that microprocessor 40 is custom- 
power signal appearing on lines LI and N from the ized to perform the control functions of this invention 
power supply is input to microprocessor 40 at input port by permanently configuring the ROM to implement a 
P8I0 from a conventional zero crossing detector circuit predetermined set of instructions. FIGS. 6-9 are flow 
44. The zero crossing signal from circuit 44 is illustrated 45 diagrams which illustrate the control routines imple- 
as wave fonn F of FIG. 3. The pulses mark the positive mented in microprocessor 40 to obtain, store and pro- 
going zero crossings of the power signal across lines LI cess the input data from the keyboard and generate 
and N of the AC power supply. The zero crossing sig- control signals for triggering the triacs in a manner 
nals are used to synchronize the triggering of the triacs which provides the power pulse repetition rate required 
with zero crossings of the power signal and for timing 50 to apply appropriate power levels to each of the heating 
purposes in the control program executed by micro- units. From these diagrams one of ordinary skill in the 
processor 40. programing art could prepare a set of instructions for 

In this embodiment the voltage identification means is permanent storage in the ROM of microprocessor 40 
provided in the form of voltage detection circuit 46. which would enable the microprocessor to perform the 
The circuitry for detection circuit 46 is shown in 55 control functions in accordance with this invention, 
greater detail in FIG. 5. The line voltage appearing The control program comprises a set of predeter- 
across LI and L2 is applied to the primary of 10:1 step mined control instructions stored in the read only mem- 
down transformer 47. The output from the secondary is ory (ROM) of microprocessor 40. A separate file in the 
rectified and smoothed by full wave rectifying diode random access memory (RAM) of the microprocessor 
bridge 48 and capacitor 49. The resulting DC voltage 60 is associated with each of heating units I4(a}-14(d). 
representing the line voltage is applied to resistance Each file stores the control information for its associ- 
network 50 comprising current limiting resistors 51, 52, ated heating unit which is acted upon by the instruc- 
and 53, and voltage dividing resistors 54. 55, 56, 57, 58 tions in the ROM. Execution of the control program is 
and 59. Current limiting resistors 51, 52 and 53 are cou- synchronized with the 60 Hz power signal such that the 
pled to system ground via zcner diodes 60. 61 and 62 65 set of controlinstructions in the ROM is cycled through 
having zener voltages of 2, 4 and 6 volts respectively, to once during each cycle of the power signed. A file regis- 
providc fixed reference voltages for comparators 63. 64 ter common to all four files functioning as a four coimt 
and 65 respectively. The junctions of resistors 54 and ring counter is incremented once during each pass 
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through the control program. The count of this file conveying the current input information for this RAM 

register identifies the RAM file to be operated on by the file horn keyboard 28 (Block 114) and this information 

control instructions during the ensuing pass through the is stored as variable KB (Block 116). The program then 

control program. By this arrangement the control pro- branches (Block 118) to the Keyboard Decode routine 

gram is executed for any one particular heating unit 3 of HGS. 7A and 7B. 

once every four cycles of the 60 Hz power signal. ^^^r,r^ * ^T^^^y^^ « ^^^^ • . . 

Tlie control program is logically divided intcTa set of KEYBOARD DECODE Routme-FIGS. 7A and 7B 

sub-routines wliich includes the &;an routine, the Key- The Keyboard Decode routine validates mputs from 

board Decode routine, the PSET routine and the Power keyboard 28 and updates the user selected power setting 

Out routine. It will be appreciated that other sub-rou- 10 variable PWD accordingly. The routine first deter- 

tines may also be included to perform control functions mines if the new keyboard entry is a blank signifying no 

unrelated to the present invention. input, an Off entry, an On entry, or one of the power 

The Scan routine (FIG, 6), which contains the file levels 1 through 9. To be valid when switching the 

register identifying the RAM file to be acted upon dur- heating unit from Off to another power setting, the On 

ing the ensuing pass through the control program, seU 13 key must be actuated first followed by the desired 

the scan line for the keyboard column associated with power setting. The power setdng must be entered 

the heating unit which is the subject of the current pass within 8 seconds of actuation of the On key. If not, the 

through the routine, reads the input from the keyboard On key must be re-actuated. 

for that heating unit, and stores the user selected power The variable PWD represents the user selected 

setting selection information in temporary memory. 20 power setting. PWD is only changed in response to user 

The Keyboard Decode routine (FIGS, 7A and 7B) inputs. The variable PLVL is introduced in this routine 

validates keyboard entries and updates the control vari- to represent the power level to be actually applied to 

able representing the power level selected by the user as the heating unit. PLVL is assigned the value of PWD in 

appropriate to reflect the most recent valid user input this sub-routine. However, as described in the hereinbe- 

for that heating unit. 25 fore referenced U.S. patent application Ser. No. 

While the determination of what power level to be 000,426, other sub-routines not relevant to the present 

applied to a heating unit is determined only during invention could be included in the control program, 

execution of the control program for that particular which might change PLVL to a value other than that 

heating unit, a power control decision must be made for corresponding to the user selected level, 

the ensuing power cycle for each of the units during 30 In the Keyboard Decode routine the eight second 

each pass through the program. The PSET routine period for altering a valid power setting after actuation 

(FIGS. 8A and 8B) obtains power level information of the On key is established using a flag designated the 

from each file during each pass through the routine, On flag and a timer or counter designated the ON- 

identifies the applied voltage and performs a table look- TIMER. The On flag is set when the On key is actuated 

up in accordance with the present invention for each 35 and is only reset in response to actuation of the Off key 

heating unit, checks the appropriate bit for the power or timing out of ONTIMER. 

level control word for each heating unit, and generates Referring to the flow diagram of FIGS. 7A and 7B, 

a four bit trigger control word which identifies which Inquiry 120 flrst determines if the KB represents a blank 

heating units are to be triggered on and which are to be signifying that no key is presently actuated. If KB is 

off during the next power cycle. This four bit control 40 blank, the system branches (Block 121) to the Decode 2 

word is then used by the Power Out routine (FIG. 12) sub-routine (FIG. 7B). In the Decode 2 sub-routine 

which monitors the input from the zero crossing circuit Inquiry 122 determines if the On flag is set. If the On 

and triggers those triacs associated with heating units to flag is not set, the power level stored in PWD is as- 

be energized during the next power cycle into conduc- signed to the variable PLVL (Block 124). If the On flag 

tion upon detection of the next occurring positive going 45 is set. Inquiry 126 determines if the previously selected 

zero crossing of the power signal. power setting presently stored as PWD is the Off set- 

SCAN Rontinp FlO H * System is presently operatmg at one of 

a^^Aw ftouune-r lu. o p^^^ settings 1 through 9 and the program proceeds to 

The function of this routine is to address the appro- assign the value of PWD to PLVL (Block 124) and 

priate RAM file for the current pass through the pro- 50 branches (Block 128) to the PSET routine (FIGS. 8A 

gram, set the appropriate scan line for the keyboard, and 8B). If Inquiry 126 determines that PWD equals 0 

and read in the input information from the keyboard for representing an Off power level, this indicates that the 

the heating unit associated with the designated RAM user has switched from Off to On and the ONTIMER is 

file. RAM file register SU functions as a four count ring decremented (Block 130). When ONTIMER equals 0 as 
counter which counts from 0 to 3. Counts 0 through 3 of 55 determined at Inquiry 132 signifying that the time to 

the SU counter identify RAM files for surface units enter a valid power level has expired, the On flag is 

14(fl>-14{J) respectively. cleared (Block 134) and program proceeds to Block 124 

Upon entering the Scan routine the register SU is as before, 
incremented (Block 102) and Inquiry 104 determines if Referring agam to FIG. 7A, if KB is not a blank, 
SU is greater than 3. If so, the counter is reset to 0 60 Inquiry 135 determines if the new entry is the Off set- 
(Block 106). Next the address of the RAM file to be ting. If so, the On flag is cleared (Block 13Q and the 
acted upon during this pass through the control pro- variable PWD is assigned the value 0 representing the 
gram is set equal to SU (Block 108). The scan line set Off power setting (Block 138). The variable PLVL is 
during the previous pass through the control program assigned the value of PWD (Block 140) and the pro- 
designated R(SU-1) is reset (Block 110). The scan line 65 gram branches (Block 142) to the PSET routine of 
associated with the surface unit for the current pass FIGS. 8A and 8B. If KB is not Off, Inquiry 144 deter- 
through the program designated R(SU) is set (Block mines if the new entry is the On setting. If it is, the 
112). The data ofinput lines PlIO through A are read in, ONTIMER is re-initialized (Block 146). Inquiry 148 
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checks the state of the On flag. If set, the program pro- An indexing variable n is used to iterate the table 

cccds to Block 140. If not set, the flag is set (Block 150) look-up loop four times during each pass through the 

and the PWD is assigned the value 0 which corresponds routine, once for each heating unit. The variable 

also to the On setting (Block 152). The program then PWDADD is the address of the control word repre- 

proceeds to Block 140 as before. S senting the power level to be applied to the n'^ heating 

If the answer to Inquiry 144 is^o, signifying that the unit. As can be seen by reference to Tables I-IV, the 

new entry is one of power levels 1 through 9, Inquiry address for any particular power word is obtained by 

154 checks the state of the On flag. If it is not set, signi- multiplying the value of FLVL, which is a number 0 

fying the. user has attempted to go from Off to a power through 15 representing the appropriate one of the 

level without first actuating the On key, the new oitry 10 available power levels, by a factor of 8 and adding this 

is ignored and the program proceeds to Block 140 with to the address of the starting location for the particular 

PWD unchanged. If the On flag is set, the power setting one of Tables I-IV. represented as TABLEA, TA- 

input is valid, and variable PWD is assigned the new BLEB, TABLEC and TABLED respectively, 

value corresponding to the new entry KB (Block 156). Referring to FIG. 8A, on entering this routine the 

Having assigned the value of PWD representing the IS control word TMPON is cleared (Block 226) and a ring 

most recent valid user selected power setting to the counter which counts from 0 to 63 is incremented 

variable PLVL the system proceeds to the PSET rou- (Block 228). Inquiry 230 determines if the counter is 

tine (FIGS. 8A and 8B). greater than its maximum count of 63. If so, it is reset to 

nec-i- T> r?Ti-*e o * j ot> ^ (Block 232). Next BITADD is set equal to the count 

PSET Routme-FIGS. 8A and 8B ^ ^^^^^ ^^^^^^ ^^^^^^ defining the location within 

Having established the appropriate power level to be the control word for the bit to be tested for each heating 

applied to the heating unit, it remains to identify the unit (Block 234). The same bit location is tested for each 

supply voltage, select the power control word for the of the heating units. 

appropriate power level from the toble associated with Next the two bit signal received at ports P8I1 and 

the identified supply voltage, and make the triac trig- 25 P8I2 representing the voltage range containing the 

gering decision for the next occurring power signal identified supply voltage is read in (Block 235). Inquir- 

cycle. This decision is made for all four heating units ies 236A-236C and Blocks 237A-237D operate to select 

during each pass through the control program. Use is the correct Look-Up Table for the identified supply 

made in this routine of information from each of the voltage. If the supply voltage is less than 210 volts, the 

four heating unit RAM files each time through the 30 variable TABLADD is set equal to TABLEA; if the 

routine. supply voltage is greater than or equal to 210 but less 

It will be recalled that the power pulse repetition rate than 223, TABLADD is set equal to TABLEB; if 

for each power level is defined by the bit pattern of a 64 greater or equal to 225 volts but less than 245 volts, then 

bit word with the logical one bit representing an On TABLEC is selected and if the supply voltage is greater 

cycle and logical zero representing an Off cycle, and 32 than 245 volts, then TABLED is selected, 

that a separate Table containing the 64 bit word for Referring now to FIG. 8B, having established the 

each power level is provided for each of four nominal appropriate Look-Up Table according to the identified 

supply voltages. The bits of the control word for each supply voltage, it remains to test the appropriate bit of 

heating unit representing the power level to be applied the control word for each of the four heating units, 

to it are tested sequentially with one bit being tested 40 The variable n is initialized to zero at Block 238. 

each pass through this routine. The state of that tested PWDADD for the power level to be applied to the n«* 

bit determines whether the triac for the corresponding heating unit is determined at Block 240. The state of the 

heating unit will be triggered on or not in the next bit location defined by the variable BITADD in the 

power signal cycle. control word located at the address PWDADD is then 

This routine reads the input from the voltage identifi- 43 tested (Inquiry 242). If the tested bit is a logical 1, the 
cation circuit (FIG. 5) to identify the voltage range n'* bit of the control word TMPON is set (Block 244). 
containing the detected supply voltage and performs a Otherwise, the n'* bit of TMPON will remain 0. After 
Table Look-Up function to find the appropriate control the index n is incremented (Block 246) the value of n is 
word for each of the four surface imits and then checks checked (Inquiry 248). If greater than 3, signifying that 
the state of the appropriate bit in that word. The triac 50 the loop comprising Blocks 240, 244 and 246 and In- 
triggering information is then stored in a four-bit word quires 212 and 248 has been iterated four times, n is reset 
designated TMPON, which is used in the Power Out ^lock 250) and the program branches (Block 252) to 
routine (FIG. 9) to generate the appropriate triac trig- the Power Out routine (FIG. 9). If n is not greater than 
ger signals. 3, the program returns to Block 240 to test the bit for 

The variables TABLEA, TABLEB, TABLEC, and 55 the power word for the next heating unit. After the 

TABLED represent the addresses in RAM of the start- appropriate state for all four bits of the variable 

ing locations for the four look-up tables containing the TMPON have been established, the program branches 

64 bit control words for the 208, 220. 240 and 260 volt (Block 252) to the Power Out routine (FIG. 9). 

^ T^t^^ tZT?L^ « «>™> 0" »-»--™- • 

I-IV. Each of the 16 digits in the code as shown for The function of this routine is to trigger triacs 24(a- 

cach control word is the hexidecimal representation of )-24(^ (FIG. 4) to implement the triac triggering deci- 

four binary bits. sion for the next power cycle for each of the four heat- 

The variable designated BITADD represents the ing units. The triggering of the triacs is synchronized 

location within the 64 bit control word of the bit to be 65 with the positive going zero crossings of the power 

tested with 0 and 63 corresponding to the location of signal. 

the most significant bit and least significant bit rcspec- Referring now to the routine in FIG. 9, on entering 

tivcly. this routine the output latches P500-P503, which con- 
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trol the triacs, are reset (Block 260), Next the program TABLE VI 

reads in the input from the input pon P8I0 representing 

the state of the zero cross detector (Block 262) and 
Inquiry 264 checks the state of this input until it 
switches to a logical 1 signifying the occurrence of a 
positive going zero crossing of the power signal. When 
P8I0 equals 1, the program proceeds to Inquiry 266 to 
sequentially check the four bits of the power word 

TMPON and set the appropriate one of output latches Over-Voltage Protection Embodiment 
P500-P503. Index variable n is again used to sequen- in accordance with yet another aspect of the present 
tially check bits 0 through 3. It wiU be recalled that invention, over-voltage protection can be provided for 
prior to branching from the PSET routine the n is reset a system intended to operate at a known nominal volt- 
to 0. Inquiry 266 tests the bit for a 1. If it is a 1. the age. In the embodiment hereinafter desCTibed, a cook- 
output P50(n) is set (Block 268), n is incremented (Block 23 top of the type illustrated in FIG. 1 is intended for 
270) and Inquiry 272 checks for an n greater than 3. If operation with a nominal 240 volt power supply. The 
n is less than 3, the program returns to Inquiry 266 to control program is simplified by using only Look-Up 
check the next bit and set the corresponding output port Tables III and IV. Look-Up Table III will be used 
as appropriate. Those ones of output latches P5DO-P503 when operating under normal operating conditions, i.e. 
associated with bits in the variable TMPON which arc 20 when the supply voltage does not substantially exceed 
in the logical one state are set. Those ones with output 240 volts RMS. In the event the supply exceeds a prede- 
latches associated with zero bits in TMPON are not set. tennined threshold, which in this embodiment is 265 
In the latter case these latches remain in the reset state ^^^^ the Look-Up Table of Table IV is em- 
since each of the latches is reset upon entering this ployed. 

routine. 25 The control program for this embodiment can be 

In this fashion each bit of the control word TMPON substantially the same as that described with reference 

is tested each pass through the Power Out routine. In automatic voltage identification embodiment 

this way a decision to trigger or not trigger each triac is ^^^"^ ^^^T ^^^^^ illustrated 

carried out during each pass through the control pro- "I™' ^ ^^^H**!^ ^^"^ ^.^^^^ 

gram. Once the loop comprising Inquiries 266 and 272 "j^P^" entering the 

and Blocks 268 and 270 is iterated four times, once for Sj^TlSf ^1??. }'T''^ '''^ 

each heating unit, the power control decision for the JpT^.^T^^^^ 

next power cycle h^ been tmplement«3 and the pro- ^^^^^^ 2^5 volts (logic 1 at Port nil) 

gram then returns (Block 274) to the Scan routme of 35 ^2). TBLADD is set eq^ to TABLED 

FIG. 6 to repeat the control program for the next heat- (Block 284); otherwise. TBLADD is set to TABLEC 

(Block 286) and the program proceeds as hereinbefore 

Manual Voltage Identification Embodiment described. 

In this embodiment the voltage identifying means in 

In the automatic voltage identification embodiment 40 the circuit of FIG. 4 is provided in the form of the 

hereinbefore described, the control system automati- over-voltage detection circuit 82 schematically illus- 

cally adapts to the available power supply by employ- trated in FIG. 12. The circuit 82 of FIG. 12 is essentially 

ing a voltage detection circuit which provides a two bit a simplified version of the circuit of FIG. 5 with identi- 

signal to microprocessor 40 which identifies the voltage cal components numbered identically. In this circuit the 

range containing the supply voltage sensed by the cir- 45 reference voltage for comparator 84 is provided by 

cuit. Alternatively, in accordance with the present in- current limiting resistor 86 and 6 volt zener diode 88. 

vention the voltage identifying means can be provided Voltage dividing resistors 90 and 92 are selected such 

in the form of a circuit which can be selectively preset ^ voltage at their junction exceeds the reference 

to generate a two bit signal identifying the voltage sup- voltage when the supply voltage exceeds 265 volts 

ply to be applied. For example," with a cooking appli- ^ The output of comparator 84 is coupled to the 

ance intended for use in a geographic region in which microprocessor by opto-isolating circuit 94. Pull-up 

the domestic power supply is known, the circuit can be '«ustors 94(a) couple circuit 94 to the 5 v dc supply, 

preset in the factory or upon installation m the home to ^ opto-isolating circuit 94 is connected to 

the appropriate voltage range. of microprocessor 40 in the circuit of FIG. 

A simple jumper circuit which can be so employed is ^- 1^ the supply voltage exceeds 265 volts, the output of 

illustrated in FIG. 10. In this embodiment, the jumper <^P«f tor 84 switches to a logic high state resulting in 

circuit 80 of na 10 replaces the voltage d^ecdon tnT^nJ^n^^^^ 

circuit of FIG. 5. with oun>uts A and B comiecting to "VI ^^""^ ^ h^mbefore descnbed. micrch 

T/n Mil La mt^ h " wwim«-uu5 processor 40 is programmed to recognize a logic 1 at A 

^?S^f ?Tr ^ M fi °"^^°P«^°' ^^"^ .^^t over-voltTge Condition. 

circuit of FIG 4. Manually removable mecham«d By the arrangement of this embodiment, protection is 

jumper connectors labeled Jumper 1 and Jumper 2 provided against damage caused by excess heat gener- 

when msertcd (closed) ground pull up resistors 80(fl). ated by the heating elements due to the supply voltage 

The jumper connections for the four nominal voltage exceeding normal operating limits, 

ranges are shown in Table VI. The input from this 65 While in accordance with the Patent Statutes specific 

circuit will be processed by the microprocessor as here- embodiments of the present invention have been illus- 

inbefore described with reference to the automatic volt- trated and described herein, it is realized that numerous 

age identification embodiment. modifications and changes will occur to those skilled in 
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the art. For example, the invention could also be used in 
other applications as >vcll, such as power control for 
induction cooktops or as a motor control in a clothes 
washing appliance. It is therefore to be understood that 
the appended claims are intended to cover all such 5 
modifications and changes as fall within the true spirit 
and scope of the invention. 
What is claimed is: 

1. An electronic control arrangement for controlling 
the power ^plied to an electrical load adaptable to a 10 
plurality of different externally supplied input voltages, 
said arrangement comprising: 

user operable selection means for selecting one of a 
plurality of power settings for the load; 

control means comprising memory means for storing IS 
a plurality of predetermined control parameter 
look-up tables including a different table for each 
of a plurality of predetermined input voltage 
ranges, each look-up table containing control pa- 
rameters for controlling power to the load in ac- 20 
cordance with each of the plurality of power set- 
tings; and 

input voltage identification means operative to gener- 
ate a signal representing that one of a plurality of 
predetermined input voltage ranges for the load 25 
containing the externally supplied input voltage; 

said control means being responsive to said selection 
means and said input voltage identification means, 
and operative to select the control parameters for 
the selected power setting from that one of said 30 
plurality of look-up tables associated with the input 
voltage range signified by said identification 
means; 

whereby said control means adjusts the power ap- 
plied to the load to adapt to different input volt- 35 
ages. 

2. An electronic control arrangement in accordance 
with claim 1 wherein said control parameters include a 
control word for each power setting having a bit pat- 
tern which establishes the power switching rate for the 40 
load for the corresponding power setting and corre- 
sponding voltage range, and wherein said control 
means further comprises means for applying power to 
the load at the switching rate established by the selected 
control word. 45 

3. An electronic control arrangement in accordance 
with claim 1 wherein said input voltage identification 
means comprises input voltage sensing means operative 
to monitor the externally supplied input voltage and 
generate a signal representing that one of said plurality 50 
of predetermined input voltage ranges which includes 
the sensed input voltage. 

4. An electronic control arrangement in accordance 
with claim 1, wherein said input voltage identification 
means comprises adjustable input means selectively 55 
pre*settable to generate a signal representing that one of 
said plurality of predetermined input voltage ranges 
which includes the anticipated input voltage. 

5. An electronic control arrangement in accordance 
with claim 4 wherein said adjustable means comprises a 60 
jumper circuit including jumper means selectively con- 
nectable to generate said signal representing that one of 
said plurality of input voltage ranges which includes the 
anticipated input voltage. 

6. A power control arrangement in accordance with 65 
claim 1 wherein said plurality of look-up tables include 

a first look-up table comprising control parameters ap- 
plicable to normal operating conditions and a second 
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look-up table comprising control parameters applicable 
to over-voltage operating conditions characterized by 
an input voltage greater than a predetermined thresh- 
old. 

7. A power control arrangement for controlling the 
power applied to an electrical load adaptable to a plu- 
rality of different externally supplied input voltages, 
said control arrangement comprising: 

control means comprising memory means for storing 
a plurality of predetermined control parameter 
look-up tables, each table containing control pa- 
rameters for controlling the power applied to the 
load when the mput voltage is within it associated 
one of a plurality of predetermined nominal input 
voltage ranges; 

adjustable input voltage identification means for en- 
abling the selection of that one of a plurality of 
predetermined input voltage ranges which includes 
the input voltage expected to be applied to the 
load, operative to generate a signal representing 
the selected input voltage range; and 

said control means being responsive to said signal 
from said input voltage identification means, and 
operative to select the control parameters from 
that one of said plurality of look-up tables associ- 
ated with the input voltage range signified by said 
input voltage identification means; 

whereby said control means adjusts the power ap- 
plied to the load to adapt to different nominal input 
voltages. 

8. A power control arrangement in accordance with 
claim 7 wherein said control parameters include control 
words having bit patterns which establish the rate of 
energizing the load, and wherein said control means is 
further operative to control the application of power to 
the load in accordance with the selected control word. 

9. A power control arrangement for an electrical load 
energized by an input voltage supplied by an external 
power supply, said arrangement comprising: 

power setting selection means for selecting one of a 
plurality of power settings for the load; 

input voltage sensing means operative to monitor the 
input voltage supplied to the load by the external 
power supply and generate a signal representing 
that one of a plurality of predetermined input volt- 
age ranges which includes the sensed input voltage; 

control means responsive to said input selection 
means and operative to control energization of the 
load in accordance with the selected power setting, 
said control means including: 

memory means for storing a plurality of predeter- 
mined power control look-up tables, including a 
different table for each of said plurality of predeter- 
mined input voltage ranges, each of said look-up 
tables comprising a plurality of digital power con- 
trol words including a power control word corre- 
sponding to each of said plurality of selectable 
power settings, each of said control words being 
characterized by a bit pattern which establishes the 
rate of energizing the load to achieve the power 
output associated with the corresponding power 
setting when operating the load at an input voltage 
in the input voltage range associated with that 
lookup table; 

said control means being further responsive to said 
signal from said input voltage sensing means, and 
operative to select the power control word for the 
selected power setting from that one of said plural- 
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ity of look-up tables associated with the input volt- 
age range signified by said input voltage sensing 
means; 

said control means being further operative to control 
energization of the load in accordance with the bit 
pattern of the selected control word; 

whereby said control means automatically adjusts the 
power applied to the load to adapt to different 
nominal input voltages. 

10. A power control arrangement for a cooking appli- 
ance of the type having at least one electric heating unit 
energized by an input voltage supplied by an external 
power supply, said arrangement comprising: 

user operable input selection means for selecting one 
of a plurality of power settings for the heating unit; 

input voltage sensing means for monitoring the input 
voltage supplied by the external power supply to 
detect which one of a plurality of predetermined 
input voltage ranges contains the supplied input 
voltage, said sensing means being operative to gen- 
erate a signal identifying the detected input voltage 
range; 

control means responsive to said input selection 
means and operative to control energization of the 
heating unit in accordance with the user selected 
power setting, said control means including: 

memory means for storing a plurality of power con- 
trol look-up tables, each of said look-up tables 
being associated with a different one of said prede- 
termined input voltage ranges, each look-up table 
comprising power control words corresponding to 
each of the user selectable power settings, each of 
said words comprising a bit pattern which estab- 
lishes the power switching rate for operating the 35 
heating unit at the power level associated with the 
corresponding power setting, when the input volt- 
age is within the input voltage range associated 
with that look-up table; 

said control means being further responsive to said 40 
signal from said input voltage sensing means, and 
operative to select the power control word for the 
user selected power setting from that one of said 
plurality of look-up tables associated with the de- 
tected input voltage range; 

said control means bemg further operative to control 
the selective switching of power to the heating unit 
at the switching rate established by the bit pattern 
of the selected power control word; 

50 
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25 



30 



45 



whereby said control means automatically adapts to 
. different nominal input voltages ranges. 

11. A power control arrangement in accordance with 
claim 9 wherein said plurality of voltage ranges com- 
prise, less than 210 volts, 210-225 volts, 225-245 volU, 
and greater than 245 volts. 

12. A power control arrangement for a cooking appli- 
ance of the type having at least one electric heating unit 
energized by an input voltage supplied by an external 
power supply, said arrangement comprising: 

user operable input selection means for selecting one 
of a plurality of power settings for the heating unit; 

input voltage sensing means operative to monitor the 
input voltage supplied to the heating unit by the 
external power supply and generate a signal repre- 
senting an input voltage greater than a predeter- 
mined fnaximnm voltage; 

control means responsive to said input selection 
means and operative to control energization of the 
heating unit in accordance with the user selected 
power setting, said control means including: 

memory means for storing a plurality of power con- 
trol look-up tables, including first and second look- 
up tables corresponding to over-voltage and nor- 
mal voltage operating conditions respectively, 
each of said look-up tables comprising a plurality of 
control words corresponding to each of the user 
selectable power settings, each of said control 
words in said look-up tables comprising a bit pat- 
tern which establishes the switching rate for con- 
trolling energization of the heating unit; 

said control means being further responsive to said 
signal from said input voltage sensing means, and 
operative to select the power control word for the 
user selected power setting from said first look-up 
table when the input voltage is greater than said 
predetermined maximum and from said second 
look-up table otherwise; 

said control means being further operative to control 
the application of power to the heating unit in 
accordance with the bit pattern of the selected 
power control word; 

whereby said control means automatically adjusts the 
power applied to the heating unit to adapt to over- 
voltage operating conditions. 

13. A power control arrangement in accordance with 
claim 10 wherein said predetermined maximum voltage 
is 265 volts. 
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